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Abstract
One of the most important problems of air purification in the industrial construction industry is setting up a proper efficient air-
purification system. There are some methods to evaluate air purification performance, but not all the methods offer such distinct 
features as turbulence impacts on dust dispersion when settling. Solutions for proper methods to be used have been specified in 
this article.
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1. Introduction
An eddy diffusion equation is suggested to be used by the author of this article with the aim to compute settling 
of the particles in the cyclone with a tangential air intake. There are the following distinct features of this model:
x turbulence impacts on dust dispersion when settling;
x it is possible to identify settling of dust particles that can be ensured by the cyclone with the given special 
features.
* Corresponding author. Tel.: +7 921 964 3762; fax: +7 812 535 7992.
E-mail address: kstrelets@mail.ru
 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of SPbUCEMF-2015
1131 Ksenia Strelets /  Procedia Engineering  117 ( 2015 )  1130 – 1136 
2. Materials and Methods
Let’s assume that the particle concentration ࢡ may be expressed as the total amount of two concentrations ࢡ1 and 
ࢡ2 of the solid particles with one of the two ‘possible’ velocities to simplify modification of the eddy diffusion 
equation. Whereas only radial velocity pulsations u’r are considered; and it is assumed that they take on two typical 
values u”r and (-u”r) by turns which are equal to the standard pulse velocity ¥((u’r)2) [2].
The system of equations in terms of cylindrical coordinates, which corresponds to such a scheme of dust particles 
movement, has the following form (Eq.1): 
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where u”ѓ – tangential particle velocity which is true for both types of the velocities ǌѓ carrying this particle in a 
swirling flow;
ur – radial velocity of an i-type particle; it is equal to the total amount of the centrifugal settling velocity w and 
the velocity under action of the pulsations, (u”or (-u”) depending on the type);
ࢡ1, ࢡ2 – concentration of the solid particles of the first and second types correspondingly;
ȦL– Lagrangian rate of change of one possible velocity to another with the reference to dust particles. It is the 
ratio of the total mass of all the particles, which move from one of the types and join to the mass of all the particles 
of this type. The method suggested by E.S.Lyapin is used to determine this value [4], according to which we have 
the following (Eq.2):
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where ȦE – Euler rate of change of the pulse velocity u’r which is determined under the function of the spectral 
density function [2].
The typical parameters of particle settling, such as tangential velocity distribution, pulse velocity, gravity settling, 
must be given. They can be identified by either investigating a physical model of a cyclone or performing numerical 
computation of a flow in a cyclone based on a three-dimensional hydraulic-mechanical model of a three-
dimensional flow [1]. Assuming that these parameters are known let’s describe the numerical computation of these 
equations.
Let’s assume the following scheme of a fluid flow in a cyclone. The air having the value of the air flow rate Q is 
delivered from the air ducts of rectangular cross-section with the following dimensions R - r0 and b. (Fig. 1). 
The air flow is considered to be axially symmetric, and the flow area is between two coaxial cylinders (Fig. 1). In 
the matter of the cylindrical coordinate system the value r changes to the values r0 up to R, and the value İ from 0 to 
the values which can be achieved when mixtures are entirely removed (Fig.2).
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Fig. 1. Cyclone scheme Fig. 2. Scheme of a fluid flow in a cyclone
x An average air flow in the cyclone is equal to Ȟ 45– r0)b), as a rule, it accounts for nearly 20 m/s in 
practice.
x A tangential velocity is a function of the radius uѓ = f(r) [3].
x The pulse velocity uir depends on the turbulence intensity c. In the first approximation the turbulence intensity 
may be considered as constant for the total fluid volume and taken as follows: u’r = uѓc , where ɫ – the 
turbulence intensity c=1/10…1/15.
4. The pulsation rate in the free area is constant and equals to ȦE = uѓ/(R – r0) what has been proven by the 
computations performed.
5. The radial velocity ur = u’r + wcv, where wcv is a centrifugal settling velocity and is determined using the 
gravity settling w, with the assumption that both velocities are proportional to the accelerations affecting the particle 
(centrifugal acceleration and free-fall acceleration correspondingly) (Eq.3):
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Since we are interested in the settling process let’s consider the particles when the settling velocity is always 
higher than the pulse velocity wc  u”, for this reason the particles move to the exterior wall.
Let’s state the Cauchy problem for the system (Eq.1). It is possible to compute the density of the particles settling 
on the cyclone walls provided the conditions and the value of the axial symmetric field of the velocity in the cyclone 
are given. Whereas the initial condition for the system (Eq.1) will be the following: 
the particles are uniformly distributed, the mixture concentration at the inlet of the cyclone ׇbx is considered 
equal to the concentration of the dust entering the cyclone ׇ0 and the following is also assumed ׇ1=ׇ2=ׇbx/2, i.e. 
the particles are uniformly distributed between the types.
Boundary conditions are the following:
when r=r0 the mixture is not delivered into the flow, i.e. the mixture to pass through the solid boundary is equal 
to zero ׇ1=ׇ2=0, and the velocity in the area of walls is not equal to the zero since the centrifugal gravity settling is 
always positive (we assume uѓ>0 up to the wall) [17-20].
Provided r=R the radial flow of the particles of the ‘first’ and ‘second’ types is computed on the cyclone walls, 
which total amount is determined by the density of the distributed particles settling on the walls along the perimeter 
of the cyclone surface.
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The method of finite differences is suggested to be used for the numerical computation of the system. Let’s apply 
the explicit scheme of the finite-difference method to advance the computation that makes it possible to carry out the 
computation under simple formulas, and, besides, the ‘sweep method’, normally used in the implicit scheme, is not 
required.
Let’s assume that the area to be computed is an orthogonal net formed by the concentric circles and radii. Let’s 
note the difference equations for the element of this net (Fig.3) represented in rectangular form.
Fig. 3. The element of the net of the area to be computed
The typical lines as it appears from (Eq.1) have the following angle of inclination Į i, with the tangent equal to: 
tgĮ i = uѓ / uir. We have the following total derivative along the typical lines dׇ0=0 for hyperbolic scalar first-order 
differential equations; consequently, the value of the function - in the area between the typical lines is totally 
determined by the values of this function over the interval ab, if ѓ=0.
In this way the value of the function at the point d can be determined if only the value of the function of the 
interval ab is included in the difference scheme. Let’s take the finite-difference scheme of the first-order accuracy 
using the ‘right-hand’ differences. For instance, with the aim to find the function at the pointd d (Eq.1) may be 
written in the following finite-difference form:
),(
)(1)(1 ),(),(
),(),(),()1,()1,()1,(),(),1(
),( nm
i
nm
j
L
nmnm
i
nmi
r
nmnm
i
nmi
r
nm
i
nm
inmi
r
ruru
rr
u --Z--
H
--
H  '


'
 
(4)
Evidently, the point d must be in the area formed by two typical lines, and this imposes the constraints on the İ
step, bd<bd’, and if to formulate it differently ǻѓUǻUWJĮ or ǻѓǻU/r). In this equation is a well-known Courant-
Friedrichs-Levi condition for (Eq.1).
The concentration at the point d·ׇ1m+1,n and ׇ2m+1,n may be expressed on the basis of (Eq.1), for the particles of 
the first and second types correspondingly: 
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Evidently, the system of (Eq.1) allows computing the value of the function ׇ at any point. Besides, this system 
makes it possible to determine the mixture flow if r=R, i.e. at the boundary of the area to be computed. This flow is 
the target value which makes it possible to determine the amount of mixture to be removed through the use of the 
cyclone. The mass of the particles settled on the outside surface up to the value given İ is determined by integrating 
the distribution density curve [5-8].
The system of equations allows computing the value at the outside boundary. The mixture flow going through the 
boundary is the target value to be computed when solving differential equations. If to keep within the law of 
conversation of mass the mixture flow going through the radial section of the fluid flow at any step, whatever the 
value İ is, must be equal to the total amount of the flows going through the radial section when İ¨İ and the flow 
going through the boundary when r=R. Thus, the target value of the flow QS of the particles settling on the cyclone 
wall in the interval with the length 5ǻV is as follows:
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With the aim to compute efficiency of air purification under the given value İ the flow settled on the outside wall 
over the interval ܭ=0 to İ should be extracted from the initial flow QS 0:
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3. Conclusions
In relation to the value of purification efficiency given it is possible to compute the effective value when it is 
implemented. 
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Fig. 4. Particle settling efficiency provided: 1 – settling velocity w=0.30 m/s, turbulence intensity ɫ= 0.1.
The following constrains should be assumed when using this model. The particle size should not be large in order 
to ensure that the particle relaxation time, i.e. the time within which the particles adapt to the velocity of the fluid 
carrying these particles [1], should be less than the typical constant time of the pulse velocity. If this condition is not 
ensured, i.e. there are large-size particles, then the settling behavior of these particles cannot be computed using the 
method FVD (Finite Velocity Diffusion). The reason is that the particles strike the cyclone walls in the relatively 
short interval failing to adapt to the velocity of the tangential motion with an averaged velocity, i.e. they move in a 
‘slug regime’ in most cases [9-16]. These particles are removed from the cyclone in the relatively short interval, and 
the distance length of these particles up to their settling ѓkR is less than the length ѓR computed according to the 
method FVD. In addition, the size of the particles should not be considerably small, i.e. their centrifugal gravity 
settling should not be less than the pulse velocity u’r since not all of the particles can settle on the wall in this case.
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